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INTRODUCTION 
 
    The purpose of this project was to test a novel chimeric cell death receptor (termed R2Fas) 
that is triggered by vascular endothelial growth factor (VEGF), as a means to kill prostate cancer 
cells and vascular endothelial cells in vitro. 
    The scope of this project involved: (1) creating adenoviral reagents to express the R2Fas 
receptor in prostate cancer cells and endothelial cells; (2) determining if the R2Fas receptor kills 
prostate cancer cells and vascular endothelial cells in a VEGF-dependent manner; and (3) 
identifying methods for increasing the killing activity of R2Fas. 
    The major findings included: (1) we generated adenoviral reagents to express R2Fas as well 
as three control adenoviruses; (2) we demonstrated that the adenoviral reagents direct expression 
of R2Fas or control receptors in DU145 prostate cancer cells and endothelial cells, and we 
confirmed expression of the receptors by immunoblot; (3) we demonstrated that expression of 
R2Fas in DU145 cancer cells activates apoptotic signaling and induces apoptosis in a very high 
percent of cancer cells within 72 hours; (4) we demonstrated that expression of R2Fas in 
endothelial cells does not induce apoptosis, but does render the cells sensitive to killing by 
VEGF treatment; and (5) we demonstrated that R2Fas-mediated apoptosis is potentiated by 
chemotherapeutic and pharmacologic agents. 
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BODY 
 
Statement of Work 
 
Task 1. Generate replication-defective adenovirus expressing R2Fas and appropriate control 

adenoviruses. 
 
Task 1A:  Subclone cDNAs for R2Fas and control receptors into adenoviral vector. 

We used the Adeno-X system from Clontech to generate adenoviruses (AdV).  The 
procedure involves four steps: (i) subclone cDNA for protein of interest into a shuttle vector that 
contains the CMV promoter;  (ii) remove cDNA with CMV promoter and adjacent sequences 
from shuttle vector, and ligate into an adenoviral vector;  (iii) transfect adenoviral vector into 293 
HEK cells; and (iv) recover adenovirus and confirm expression of protein of interest in target 
cells. 

To make adenovirus that expresses VEGFR2Fas, the cDNA for VEGFR2Fas (which we had 
previously constructed) was subcloned into the shuttle vector, and then transferred to the 
adenoviral vector using standard molecular biology techniques.  To make the two control 
adenoviruses, AdV / LacZ and AdV / CG-VEGFR2Fas, the cDNAs for LacZ and CG-
VEGFR2Fas were similarly subcloned into the shuttle and adenoviral vectors.  LacZ is the beta-
galactosidase gene and is a widely used control protein.  CG-VEGFR2Fas is identical to 
VEGFR2Fas except that it has a C-to-G point mutation in the Fas “death domain” that abolishes 
Fas apoptotic activity.  CG-VEGFR2Fas is the optimal control protein to compare with 
VEGFR2Fas;  when cells are killed by expression of VEGFR2Fas but not by expression of CG-
VEGFR2Fas, non-specific killing mechanisms can be ruled out.  Both VEGFR2Fas and CG-
VEGFR2Fas have a hemagglutinin (HA) epitope tag on the carboxyl tail which we have used to 
detect expression of the receptors by Western blot. 

Adenoviral plasmids with VEGFR2Fas, CG-VEGFR2Fas or LacZ sequences were grown up 
in DH5α bacteria and the plasmids were purified using Qiagen alkaline lysis maxiprep reagents.   
 
Task 1B:  Transfect adenoviral cDNA into 293A cells and recover adenovirus. 

Adenoviral plasmids with VEGFR2Fas, CG-VEGFR2Fas or LacZ sequences were 
transfected into 293 cells by calcium phosphate-mediated transfection.  Initially we could not 
generate significant amounts of AdV / VEGFR2Fas, and we suspected this might occur because 
the 293 cells were expressing and being killed by VEGFR2Fas before they were able to make the 
adenovirus.  Therefore we revised the protocol to include the caspase inhibitor ZVAD (40 µM) 
in the 293 medium, which resolved the problem.  After 7 – 10 days of culture, typical viral 
plaques were observed in the 293 cells, indicating adenoviral production.  Adenovirus was 
recovered by freeze/thaw lysis of the 293 cells, and amplified by reinfection and recovery from 
293 cells.  The viral titer of AdV / VEGFR2Fas was determined to be 6.6 X 109 viral 
particles/mL using an immunohistochemical assay kit from Clontech.  The titer of AdV / CG-
VEGFR2Fas was 2.2 X 109 viral particles/mL, and the titer of AdV / LacZ was 6.3 X 109 viral 
particles/mL.   
 
Task 2.  Use adenoviruses to express R2Fas or control viruses in prostate cancer cell lines and 

primary microvascular endothelial cells. 
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Task 2A:  Transfect human prostate cancer cell lines and human microvascular endothelial cells 
in vitro with AdV/R2Fas or control adenoviruses. 
 
Task 2B:  Confirm that R2Fas protein is expressed in transfected cells by immunoblot 
techniques. 

To confirm that the AdV / R2Fas and AdV / CG-R2Fas viruses did in fact direct expression 
of the receptors, we initially infected porcine aortic endothelial (PAE) cells and examined cell 
lysates by Western blot for evidence of receptor expression.  Both adenoviruses successfully 
directed expression of their respective receptors, which were detected at their predicted size of 
~140 kD. 

We then confirmed that AdV / VEGFR2Fas and AdV / CG-VEGFR2Fas directed expression 
of their respective receptors in DU145 prostate cancer cells and HUVEC cells.  DU145 cancer 
cells and HUVEC cells were infected with either AdV/R2Fas or AdV/CG-R2Fas at a 
multiplicity-of-infection (MOI, pfu/cell) of 40.  Cells were lysed 48 hours after infection and 
immunoblotted with antibody against the hemagglutinin (HA) epitope tag present on the 
carboxyl tail of the receptors.  As seen in Figure 1, R2Fas and the control receptor CG-R2Fas 
were expressed in both DU145 cells and HUVEC cells at similar expression levels.  Infection of 
PC3 prostate cancer cells with AdV / R2Fas produced R2Fas expression levels similar to DU145 
cells. 

 
Task 2C:  For each prostate cancer cell line and endothelial cell type, characterize expression of 
VEGF, expression of apoptosis signaling or inhibiting proteins downstream of Fas, and 
sensitivity to endogenous Fas-mediated apoptosis. 

We examined VEGF expression in DU145 cancer cells compared to normal human prostate 
epithelial cells (Figure 2).  Cell lysates were immunoblotted with antibody against VEGF.  As 
seen in Figure 2, DU145 cells over-express VEGF, which confirms published reports.  Normal 
prostate epithelial cells do not have detectable VEGF expression. 

We examined the expression levels of apoptosis signaling proteins in DU145 and PC-3 
prostate cancer cells (Figure 3).  Cell lysates were immunoblotted with antibodies against 
caspases-8, caspase-3, caspase-9, FADD, Bid, or VEGF.  As seen in Figure 3, the expression 
level of these four proteins was similar in the two cancer cell lines.  The equivalent expression of 
VEGF indicates that PC-3 cells, like DU145 cells, over-express VEGF compared to normal 
prostate epithelial cells.  Both DU145 and PC3 cells were sensitive to stimulation with activating 
Fas ab CH-11. 
 
Task 3.   Determine response of prostate cancer cell lines to expression of R2Fas. 
 
Task 3A:  Beginning with prostate cancer cell lines that express high levels of VEGF and are 
sensitive to Fas-mediated apoptosis, determine if expression of R2Fas stimulates apoptosis, using 
standard apoptosis assays. 

Using AdV/R2Fas virus, we demonstrated that expression of R2Fas in DU145 prostate 
cancer cells stimulated cleavage/activation of caspase-8, caspase-3, caspase-9, and PARP 
(Figures 1, 4, 5, and 6). Activation of these apoptotic signals occurred in a time-dependent 
manner (Figure 5) and a titer-dependent manner (Figure 6).  The inactive control receptor CG-
R2Fas was expressed at even higher levels than R2Fas but did not activate caspase signaling 
(Figure 4).  We then determined that expression of R2Fas directly stimulated apoptosis in 
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DU145 cells.  In this experiment DU145 cells were infected with AdV/R2Fas at various MOI 
(2.5 pfu/cell up to 20 pfu/cell), or with the control virus AdV/CG-R2Fas at MOI=20, or left 
uninfected.  Cells were photographed daily.  As seen in Figure 7, cells infected with the control 
virus remained normal and were not distinguishable from uninfected cells.  In contrast, cells 
infected with AdV/R2Fas demonstrated cell fragmentation and cell death, beginning at 48 hours 
after infection.  R2Fas expression induced cell death in a time-dependent and MOI-dependent 
manner, with virtually all cells killed by an MOI=20 at 72 hours.  An MOI as low as 2.5 induced 
apoptosis in the majority of cells by 106 hours.  These results demonstrate that DU145 prostate 
cancer cells can be killed by adenoviral-mediated expression of R2Fas. 

To confirm that R2Fas-mediated apoptosis occurs via activation of caspases, we 
demonstrated that the pancaspase inhibitor ZVAD blocks R2Fas-mediated apoptosis (Figure 8).  
In this experiment DU145 cells were infected with AdV/R2Fas at an MOI of 10 or 20, in the 
presence or absence of ZVAD (40 µM).  Cells were photographed and lysed at 48 hours after 
infection.  Lysates were immunoblotted with antibody against cleaved/activated caspase-3.  As 
seen in Figure 8 (top panel), caspase-3 activation induced by R2Fas expression was completely 
blocked by ZVAD.  The lower panel of Figure 8 demonstrates that ZVAD blocked cell death as 
well, confirming that cell death is mediated via caspase activation. 

To prove that R2Fas-mediated apoptosis in DU145 cells is due to VEGF over-expression 
(and not simply due to expression of a Fas domain-containing transgene), we initially attempted 
to use RNAi to knock down VEGF expression levels in DU145 cells.  However, we were unable 
to significantly change VEGF protein levels even with prolonged and repeated transfection of 
anti-VEGF RNAi reagents.  Therefore we took the opposite approach and demonstrated that 
further increasing VEGF expression in DU145 cells potentiated R2Fas-mediated apoptosis 
(Figures 9-11).  DU145 cells were infected with AdV/R2Fas (MOI=10) plus either AdV/VEGF 
(MOI=10) or AdV/LacZ (MOI=10).  Cells were lysed 32 hours after infection, and 
immunoblotting was performed.  As seen in Figure 9, R2Fas expression was similar in cells co-
infected with VEGF or LacZ (top panel), and VEGF expression was increased in cells infected 
with AdV/VEGF (middle panel).  The bottom panel demonstrates that increased expression of 
VEGF stimulated increased cleavage/activation of caspase-3.  Figure 10 shows a similar 
experiment in which DU145 cells were infected with AdV/R2Fas + AdV/VEGF, or AdV/R2Fas 
+ AdV/LacZ.  Additional controls were cells infected with AdV/LacZ or AdV/VEGF.  As seen 
in Figure 10, cells co-expressing R2Fas and VEGF apoptosed at a significantly higher level than 
cells expressing R2Fas alone. 

In a further experiment, we compared cell death in DU145 cells co-infected with AdV/R2Fas 
and AdV/VEGF, but in this experiment we varied the order of infection (Figure 11).  The first 
group was infected with both viruses simultaneously.  The second group was infected with 
AdV/R2Fas on day 1, and AdV/VEGF or AdV/LacZ on day 2.  The third group was infected 
with AdV/VEGF or AdV/LacZ on day 1, and AdV/R2Fas on day 2.  When examined at 72 
hours, all cells that were co-infected with AdV/R2Fas + AdV/VEGF showed increased cell death 
compared to cells infected with AdV/R2Fas + AdV/LacZ, and the effect was most pronounced in 
cells infected with AdV/VEGF simultaneous with or after AdV/VEGF.  These experiments 
demonstrate that increased expression of VEGF in DU145 cells potentiated R2Fas-mediated 
apoptosis.  These results rule out the possibility that R2Fas-mediated apoptosis is due to non-
specific activation of Fas domain-mediated apoptosis. 

We examined the response of PC-3 cells to R2Fas expression (Figure 12).  PC-3 cells were 
infected with AdV/R2Fas or AdV/CG-R2Fas control virus at an MOI=30 or 60 and 
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photographed at 56 and 128 hours.  Cells expressing R2Fas were decreased in number compared 
to uninfected cells or cells expressing the control receptor CG-R2Fas (Figure 12).  We were not 
able to express R2Fas in LNCaP prostate cancer cells despite many efforts.  These cells may not 
express sufficient levels of the surface protein needed for adenoviral infection. 

We examined the response of normal human prostate epithelial cells to R2Fas expression, 
and hypothesized that these cells would be resistant to killing by R2Fas expression because they 
do not express VEGF (see Figure 2).  Cells were infected with AdV/R2Fas or the control virus 
AdV/CG-R2Fas at an MOI of 10 or 20.  As seen in Figure 13, both receptors were expressed in 
normal human prostate epithelial cells.  Notably, these cells do not undergo apoptosis when 
R2Fas is expressed (Figure 14).  This result is important because it suggests that R2Fas-mediated 
apoptosis is restricted to cells that overexpress VEGF. 
 
Task 3B:  If cells are not immediately killed by expression of VEGFR2Fas, determine if they are 
made sensitive to killing by exogenous VEGF. 
 
Task 3B:  Examine the response of other prostate cancer cell lines that express lower levels of 
VEGF or demonstrate resistance to Fas pathway-mediated apoptosis, to identify which factors 
may influence response to VEGFR2Fas. 
 
Task 4A: Confirm that expression of R2Fas in the absence of VEGF does not kill endothelial 
cells. 

We found in preliminary experiments that adenoviral-mediated expression of R2Fas in 
porcine aortic endothelial cells did not stimulate apoptosis.  We extended these results to 
HUVEC cells (Figure 15).  HUVEC cells were infected with AdV/R2Fas or the control 
AdV/CG-R2Fas at an MOI=40.  Expression of the receptors is seen in the top panel of Figure 1.  
Expression of R2Fas had no apparent effect on the growth or morphology of HUVEC cells, and 
specifically did not induce apoptosis (third panel, Figure 15).  Expression of R2Fas in HUVEC 
did produce slight cleavage/activation of caspase-3 (Figure 1, middle panel), but no activation of 
caspase-9 (Figure 1, lower panel).  These results demonstrated that HUVEC cells, which do not 
express VEGF, can express R2Fas at high levels without toxicity if VEGF is not present. 

 
Task 4B: Determine if expression of R2Fas renders endothelial cells sensitive to killing by 
VEGF. 

Our hypothesis is that expression of R2Fas in endothelial cells will cause them to die by 
apoptosis when treated with VEGF.  We found that HUVEC cells expressing R2Fas did in fact 
undergo apoptosis when treated with VEGF (Figure 15, right panel).  In this experiment, 
HUVEC cells were infected with AdV/R2Fas at an MOI=40.  One hundred hours after infection 
cells expressing R2Fas appeared normal.  Cells were then treated with VEGF-165 (1 nM for 24 
hours).  As seen in the right panel, VEGF treatment induced cell death and fragmentation.  This 
demonstrates that expression of R2Fas renders endothelial cells killable by VEGF treatment. 

A likely scenario for a preclinical test of R2Fas as an anti-angiogenic therapy would involve 
injection of AdV/R2Fas into a tumor.  In this setting, R2Fas expression in endothelial cells 
would occur in a tissue microenvironment already containing VEGF secreted by the tumor.  This 
is different from the experiments we have done in vitro, in which AdV/R2Fas infection and 
subsequent R2Fas expression occur in the absence of VEGF, and VEGF is then added later.  To 
better approximate the in vivo situation, we asked if AdV/R2Fas expression would still induce 
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apoptosis in endothelial cells if VEGF was already present in the cell culture medium (Figure 
16).  In this experiment porcine aortic endothelial cells were infected with AdV/R2Fas at an 
MOI=20  in medium containing escalating levels of VEGF-165, from 0 nM to 1 nM.  We found 
that expression of R2Fas induced apoptosis when VEGF was present at 1 nM.  This result more 
closely approximates an in vivo setting, and indicates that R2Fas expression can stimulate 
endothelial apoptosis when VEGF is continuously present. 
 
Task 5.  Determine if pharmacologic agents and co-expression of apoptosis effector proteins 

potentiate R2Fas-mediated apoptosis. 
 
Task 5A:Treat prostate cancer cells and endothelial cells expressing R2Fas with IFNγ, TNFα, 
cisplatin, actinomycin D, camptothecin or BIS VIII to determine if these agents potentiate the 
apoptotic activity of R2Fas. 

One way to enhance the apoptotic activity of R2Fas is to add pharmacologic agents that may 
potentiate Fas-mediates apoptotic signaling.  We screened six agents on DU145 cells to 
determine the highest concentration of each drug that did not induce overt cell toxicity.  We then 
combined that drug concentration with AdV/R2Fas infection to determine if the drug potentiated 
R2Fas-mediated apoptosis.  We specifically chose drug concentrations that did not kill DU145 
cells on their own so that we would be able to detect enhanced R2Fas-mediated apoptosis.  The 
drug concentrations we used were: 

 
BisVIII  1 µM 
Camptothecin 0.05 µM 
Etoposide  0.5 µM 
Taxol  0.5 nM 
Doxorubicin 1.0 µg/mL 
Cisplatin  1.0 µg/mL 
 
DU145 cells were pretreated for 12 hours with each of the drugs at the indicated 

concentrations, and then infected with AdV/R2Fas at an MOI=10.  (This relatively low MOI was 
chosen so that potentiation by the drugs could be detected.  In preliminary experiments, a higher 
MOI induced apoptosis so rapidly that the drug effects were difficult to determine).  As seen in 
Figure 17, all six agents were non-toxic at the concentrations used (top photos).  All six agents 
potentiated R2Fas-mediated apoptosis compared to cells that received R2Fas and vehicle 
(bottom photos).  The extent of apoptosis potentiation was quite remarkable, with virtually 
complete cell death in cells expressing R2Fas and treated with camptothecin or doxorubicin.  
These findings are important because they suggest that combining non-cytotoxic drug treatment 
with R2Fas expression will greatly enhance R2Fas apoptotic activity.  In PC3 cells, these agents 
potentiated the activity of R2Fas but to a lower extent than DU145 cells. 
 
Task 5B: Use adenovirus-mediated gene transfer to co-express R2Fas with downstream effector 
caspases caspase-8 or caspase-3 in prostate cancer cells and endothelial cells.  Determine if co-
expression makes cells more sensitive to killing by VEGF. 

We attempted to generate replication-defective adenoviruses overexpressing caspase-8 or 
caspase-3 but were not successful.  The reason is not clear but may be due to autoactivation of 
these apoptosis signaling pathways when overexpressed in the adenoviral packaging cells. 
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KEY RESEARCH ACCOMPLISHMENTS 
 
a. Created replication-defective adenoviruses that express the R2Fas chimeric death receptor, 

and control adenoviruses that express the inactive control receptor CG-R2Fas or LacZ. 
b. Demonstrated adenoviral-directed expression of R2Fas or control receptor CG-R2Fas in 

DU145 and PC3 prostate cancer cells and in human endothelial cells. 
c. Demonstrated expression of apoptotic signaling proteins in DU145 and PC3 prostate cancer 

cells. 
d. Demonstrated that expression of the R2Fas chimeric death receptor in DU145 and PC3 

cancer cells activates apoptotic signaling in a time- and titer-dependent manner. 
e. Demonstrated that expression of the R2Fas chimeric death receptor, but not the inactive 

control receptor CG-R2Fas, stimulates apoptosis in DU145 prostate cancer cells. 
f. Demonstrated that R2Fas-mediated apoptosis is potentiated by treatment of cells with: 

BisVIII, camptothecin, etoposide, taxol, doxorubicin, and cisplatin. 
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REPORTABLE OUTCOMES 
 
a. The replication-defective adenoviruses expressing the R2Fas chimeric death receptor and the 

inactive control receptor CG-R2Fas will be shared with other interested investigators. 
b. An abstract and poster describing this work was presented at the American Association for 

Cancer Research - NIH - EORTC International Conference on Molecular Targets and Cancer 
Therapeutics, November 2003 in Boston. 

c. Our work was highlighted in a press release and press conference from the AACR 
Conference in November 2003. 

d. An abstract and poster describing this work was presented at the Keystone Conference on 
Angiogenesis: Novel Basic Science Insights and Human Therapy, January 2004 in Santa Fe. 

e. An abstract and poster describing this work was presented at the American Association for 
Cancer Research Annual Meeting, April 2005 in Anaheim. 

f. A patent titled “VEGF-activated Fas Ligands” was filed by the University of California on 
8/15/2006, International Application Number: PCT/US2006/031991 

g. A manuscript describing this work is in preparation. 
h. Grants funded based on work supported by this award: 

DOD Breast Cancer Research Program, Concept Award, awarded May 2004 
 Prostate Cancer Foundation grant, awarded January 2006 
 Prostate Cancer Foundation grant, awarded January 2007 
 Tobacco-Related Disease Research Program, Univ. of Cal. grant, awarded July 2007
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CONCLUSIONS 
 
In summary, we have generated novel replication-defective adenoviral reagents that direct 
expression of the VEGF-triggered chimeric death receptor R2Fas, and the inactive control 
receptor CG-R2Fas.  We have used these adenoviral reagents to express the R2Fas chimeric 
death receptor and the CG-R2Fas inactive control receptor in DU145 and PC3 prostate cancer 
cells and human endothelial cells, and we have demonstrated that expression of R2Fas activates 
caspase signaling.  Most importantly, we have demonstrated that expression of the R2Fas 
chimeric death receptor in DU145 cells stimulates extensive killing, which can be further 
potentiated by combined treatment with existing chemotherapeutic agents.  This may be the first 
demonstration that a growth factor secreted by a cancer cell can be forced to act as a death factor 
by activating an engineered receptor.  We have further found that expression of the R2Fas 
receptor in endothelial cells does not induce apoptosis, but does render the cells sensitive to 
killing by treatment with VEGF.  These findings suggest that expression of the R2Fas chimeric 
death receptor in prostate cancer cells and tumor blood vessels may be a feasible and novel form 
of combined tumor and antiangiogenesis therapy. 
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Vascular endothelial growth factor (VEGF-A) is a dimeric angiogenic factor that is 
overexpressed by many cancer cells. VEGF produced by tumors is a major mediator of tumor 
angiogenesis.  Consequently, numerous approaches to inhibit VEGF expression or activity are 
under investigation as anti-angiogenic cancer therapies, including neutralizing antibodies, 
soluble receptors, ligand traps, small molecule kinase inhibitors, and RNA-targeted agents.  
While some agents have recently been shown to have efficacy in clinical trials, it is too early to 
know if anti-VEGF therapies will prove to be highly effective, free of resistance, and without 
significant side effects.  

Given the central role of VEGF in tumor angiogenesis, we have investigated an alternative 
approach that is not based on inhibition of VEGF activity, but instead converts VEGF from an 
angiogenic growth and survival factor into a death factor.  In essence our goal is to turn tumor-
derived VEGF into a weapon against the tumor itself and/or its blood vessels.  

We created a chimeric receptor (termed VEGFR2Fas) by fusing the extracellular, VEGF-
binding domain and the transmembrane domain of VEGFR-2 (also known as Flk-1/KDR) to the 
cytoplasmic “death domain” of the Fas apoptosis receptor (CD95/Apo-1).  As a control, we also 
generated an inactive receptor with no apoptotic activity (CG-VEGFR2Fas) by incorporating a 
previously described inactivating point mutation into the Fas death domain (lprcg mutation). 

Using retroviral or adenoviral gene transfer techniques we expressed VEGFR2Fas or the 
control CG-VEGFR2Fas receptor in endothelial cells and cancer cell lines in vitro.  When 
expressed in porcine aortic endothelial (PAE) cells, VEGFR2Fas had no apoptotic effect in the 
absence of VEGF.  When VEGF was added, cells were rapidly killed by activation of caspase-
mediated apoptotic signaling.  Cells expressing the control CG-VEGFR2Fas receptor were 
unaffected by exposure to VEGF.  These results demonstrate that VEGFR2Fas is a VEGF-
triggered cell death receptor.  Further investigation demonstrated that VEGF stimulated 
formation of hetero-oligomeric receptor complexes composed of VEGFR2Fas and Neuropilin-1 
(Np-1), a non-kinase receptor for VEGF.  Engagement of Np-1 into a complex with VEGFR2Fas 
significantly potentiated the apoptotic activity of VEGFR2Fas, which was demonstrated using a 
peptide that blocked binding of VEGF to Np-1, and by comparing the relative apoptotic activities 
of different VEGF isoforms that do or do not bind to Np-1. 

To determine if expression of VEGFR2Fas induced apoptosis in cancer cells that overexpress 
VEGF,  we used adenovirus to transiently express VEGFR2Fas or the control CG-VEGFR2Fas 
in DU145 human prostate cancer cells.  DU145 cells infected with AdV/VEGFR2Fas (MOI ~25-
75) began to express VEGFR2Fas by 24 hours and underwent caspase-mediated apoptosis 
beginning at 48 hours.  Expression of the control CG-VEGFR2Fas receptor had no effect. 

Our results demonstrate that VEGF can be transformed from a growth factor into a cell death 
factor by engaging the artificial chimeric death factor VEGFR2Fas along with the Np-1 receptor.  
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Further investigation will identify how this effect can be optimized and will determine the 
feasibility of using this approach in vivo to directly kill tumor cells and/or their blood vessels. 
 
Title: Conversion of VEGF from a Growth Factor into a Death Factor 
Authors: Timothy Quinn, Carlos San Mateo, Scott Soifer, and Adrian Padron 
Presented at:  Keystone Conference on Angiogenesis: Novel Basic Science Insights and Human 
Therapy, January 2004 in Santa Fe 
 
 Vascular endothelial growth factor (VEGF-A) is a dimeric angiogenic factor that is 
overexpressed by many cancer cells and is a major mediator of tumor angiogenesis.  
Consequently, numerous approaches to inhibit VEGF expression or activity are under 
investigation as anti-angiogenic cancer therapies, including neutralizing antibodies, soluble 
receptors, ligand traps, small molecule kinase inhibitors, and RNA-targeted agents. It is not yet 
known if anti-VEGF therapies will prove to be highly effective, free of resistance, and without 
significant side effects. 
 Given the central role of VEGF in tumor angiogenesis, we have investigated an 
alternative approach that is based not on inhibition of VEGF activity, but instead converts VEGF 
from a growth and survival factor into a death factor.  In essence our goal is to turn tumor-
derived VEGF into a weapon against the tumor itself and/or its blood vessels.  
We created a chimeric receptor (VEGFR2Fas) by fusing the extracellular, VEGF-binding 
domain and the transmembrane domain of VEGFR-2 to the cytoplasmic “death domain” of the 
Fas apoptosis receptor (CD95/Apo-1). As a control, we generated a receptor with no apoptotic 
activity (CG-VEGFR2Fas) by incorporating a previously described inactivating point mutation 
into the Fas death domain (lprcg mutation). 
 Using retroviral or adenoviral vectors we expressed VEGFR2Fas or the control CG-
VEGFR2Fas receptor in endothelial cells and cancer cell lines in vitro.  When expressed in 
porcine aortic endothelial (PAE) cells, VEGFR2Fas had no apoptotic effect in the absence of 
VEGF.  But when VEGF was added, cells were rapidly killed by activation of caspase-mediated 
apoptotic signaling.  Cells expressing the control receptor were unaffected by VEGF.  These 
results demonstrate that VEGFR2Fas is a VEGF-triggered cell death receptor.  Further 
investigation showed that VEGF stimulated formation of hetero-oligomeric receptor complexes 
composed of VEGFR2Fas and Neuropilin-1 (Np-1), a non-kinase receptor for VEGF.  
Engagement of Np-1 into a complex with VEGFR2Fas significantly potentiated the apoptotic 
activity of VEGFR2Fas. 
 To determine if expression of VEGFR2Fas induced apoptosis in cancer cells that 
overexpress VEGF, we used adenovirus to transiently express VEGFR2Fas or the control CG-
VEGFR2Fas in DU145 human prostate cancer cells.  DU145 cells infected with 
AdV/VEGFR2Fas began to express VEGFR2Fas by 24 hours and underwent caspase-mediated 
apoptosis beginning at 48 hours.  Expression of the control CG-VEGFR2Fas receptor did not 
stimulate apoptosis. 
 Our results demonstrate that VEGF can be transformed from a growth factor into a cell 
death factor by engaging the artificial chimeric death receptor VEGFR2Fas along with the Np-1 
receptor.  Further investigation will determine the feasibility of using this approach in vivo to 
directly kill tumor cells that overexpress VEGF and/or their blood vessels. 
Supported by grants from American Cancer Society and DOD (DAMD17-02-1-0029). 
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Title: Killing cancer cells and endothelial cells with a VEGF-triggered cell death receptor 
Authors: Timothy Quinn, Carlos San Mateo, and Adrian Padron 
Presented at: American Association for Cancer Research Annual Meeting, April 2005 in 
Anaheim 
 
 Vascular endothelial growth factor (VEGF) is an angiogenic factor that is overexpressed 
by many cancers and is a key mediator of tumor angiogenesis.  Consequently, many agents 
designed to inhibit VEGF are under investigation as anti-angiogenic cancer therapies.  It is not 
yet known if anti-VEGF therapies will prove to be highly effective, free of resistance, and 
without significant side effects.  
 We are investigating a completely different approach to targeting VEGF that is not based 
on inhibiting VEGF, but instead converts VEGF from an angiogenic growth factor into a cell 
death factor.  Our goal is to turn tumor-derived VEGF into a weapon against the tumor itself and 
its blood vessels. 
 We created a chimeric receptor (termed R2Fas) by fusing the extracellular domain of 
VEGFR-2 (Flk-1/KDR) to the cytoplasmic death domain of the Fas apoptosis receptor 
(CD95/Apo-1).  As a control, we generated a receptor with no apoptotic activity (CG-R2Fas) by 
incorporating an inactivating point mutation into the Fas death domain.  We hypothesized that 
expression of R2Fas in endothelial cells would make VEGF act as an endothelial death factor, 
and expression of R2Fas in VEGF-overexpressing cancer cell lines would induce apoptosis. 
 We used retroviral and adenoviral vectors to express R2Fas or the control receptor in 
endothelial and cancer cell lines in vitro, and performed viability and apoptosis assays (cell 
counts, caspase activation, oligonucleosome generation, and LDH release).  When expressed in 
porcine aortic endothelial or HUVEC cells, R2Fas had no effect in the absence of VEGF.  When 
VEGF was added, cells were rapidly killed by activation of caspase-mediated apoptotic 
signaling.  Cells expressing the control receptor were unaffected by VEGF, demonstrating that 
R2Fas is a VEGF-triggered cell death receptor.  To determine if R2Fas expression induced 
apoptosis in human cancer cells that overexpress VEGF, we used U87MG glioblastoma cells and 
DU145 prostate cancer cells.  In both cell lines R2Fas expression induced rapid apoptosis in a 
time- and adenoviral titer-dependent manner.  Control experiments confirmed that apoptosis was 
due to activation of R2Fas by overexpressed VEGF: (1) no killing by the CG-R2Fas control 
receptor; (2) inhibition of R2Fas-induced apoptosis by ZVAD, VEGF RNAi, or neutralizing 
VEGF antibody; and (3) no killing by a chimeric Fas receptor with the Fms extracellular domain.  
R2Fas-induced apoptosis was potentiated by chemotherapeutic agents including etoposide, 
cisplatin, and doxorubicin. 
 Further investigation showed that VEGF stimulated formation of receptor complexes 
composed of R2Fas and Neuropilin-1 (Np-1), a non-kinase receptor for VEGF.  Engagement of 
Np-1 into a complex with R2Fas significantly potentiated the apoptotic activity of R2Fas, 
perhaps by inducing R2Fas clustering. 
 Our results suggest that targeted expression of R2Fas in tumor endothelium and/or tumor 
cells may yield a new approach to cancer therapy.   Supported by DOD (DAMD17-02-1-0029). 
 
Personnel: 
Timothy P. Quinn, M.D. 
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APPENDICES 
 
1. Press release from the AACR conference in November 203 highlighting our work. 
2. Patent application 
  
SUPPORTING DATA 
 
Figures are after appendices at end. 
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Figure 1. Adenoviral-directed expression of
R2Fas receptor in DU145 prostate cancer cells
and endothelial cells. DU145 prostate cancer cells
and human umbilical vein endothelial cells (HUVEC)
grown in 6-well plates were infected with AdV/CG-
R2Fas or AdV/R2Fas at MOI = 40. Cells were lysed
48 hours after infection and lysates were electro-
phoresed by SDS/PAGE. Immunoblotting was per-
formed with: HA antibody to visualize receptor
expression (top panel); antibody against cleaved,
active caspase-3 (middle panel); or antibody against
cleaved, active caspase-9 (lower panel). Compared
to DU145 prostate cancer cells, expression of R2Fas
in endothelial cells stimulated much less activation of
caspase-3 and caspase-9.
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Figure 2. Overexpression of VEGF in DU145 prostate cancer cells.
Lysates of normal prostate epithelial cells or DU145 prostate cancer cells
were electrophoresed by SDS-PAGE and immunoblotted with antibody
against VEGF.
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Figure 3. Expression of apoptosis proteins in DU145 and PC-3
prostate cancer cells. DU145 cells and PC-3 cells were grown in
6-well plates, lysed, and equal amounts of lysate protein were elec-
trophoresed by SDS/PAGE. Immunoblotting was performed with
antibodies to: Caspase-8, Caspase-3, Caspase-9, or VEGF. The
two prostate cancer cell lines express similar level of these proteins.
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Figure 5. Adenoviral expression of VEGFR2Fas in DU145 cells stimulates activation of caspases-8, -3,
and -9, and cleavage of PARP.
DU145 prostate cancer cells were infected with AdV / VEGFR2Fas or left uninfected as control (left lane). On
days 1, 2, and 3 after infection cells were lysed and electrophoresed by SDS/PAGE. Immunoblot with HA anti-
body demonstrates expression of VEGFR2Fas beginning on day 1 after infection. Immunoblot with antibodies
against the active, cleaved forms of caspase-8, caspase-3, and caspase-9 demonstrate activation beginning on
day 2 after infection. Immunoblot with antibody against the caspase substrate PARP demonstrates cleavage of
PARP (black arrowhead) beginning on day 2 after infection.
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Figure 4. Adenoviral expression of VEGFR2Fas in DU145 prostate cancer cells stimulates activation of
apoptotic signaling.
AdV / VEGFR2Fas, AdV / CG-VEGFR2Fas, or the control virus AdV / LacZ were put onto DU145 prostate can-
cer cells. Cells were lysed at 24, 48, or 72 hours, and electrophoresed by SDS/PAGE. Lysates were immunob-
lotted with HA antibody to demonstrate receptor expression, and with antibodies to the activated, cleaved forms
of caspase-3 and caspase-9. Both caspase-3 and caspase-9 were activated in cells expressing VEGFR2Fas,
but were not activated in the LacZ control cells or the cells expressing the CG-VEGFR2Fas receptor, which has
an inactivating point mutation in the Fas death domain.
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Figure 6. Adenoviral expression of VEGFR2Fas in DU145 cells stimulates caspase and PARP cleavage in
a time-dependent and titer-dependent manner.
DU145 prostate cancer cells were infected with AdV / VEGFR2Fas at three titers (6.6 X 10^7, 6.6 X 10^6, and
6.6 X 10^5 virions/well) and lysed at 24, 48, or 72 hours after infection. Lysates were electrophoresed by
SDS/PAGE. Immunoblot with antibodies against active, cleaved caspase-3 and caspase-9, and against the
PARP substrate demonstrate that higher titers of AdV / VEGFR2Fas stimulate more activation of caspase-3 and
caspase-9, and more cleavage of PARP. Peak activation occurs 48 hours after AdV / VEGFR2Fas infection.
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Figure 7. Expression of R2Fas receptor kills DU145 prostate cancer cells. DU145 cells
grown in 6-well plates were infected with AdV/R2Fas or AdV/CG-R2Fas at the MOI shown.
Cells were photographed daily beginning on the first day after infection. Expression of R2Fas
receptor killed DU145 cells but the control receptor CG-R2Fas did not.
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Figure 8. ZVAD blocks R2Fas-mediated caspase activation and cell death. DU145 cells
grown in 6-well plates were infected with AdV/R2Fas at the MOI shown in the presence of ZVAD
(40 µM) or vehicle (DMSO). Cells were photographed and lysed 48 hours after infection. Lysates
were electrophresed by SDS/PAGE and immunoblotted with antibody against cleaved caspase-3
(top panel). The pancaspase inhibitor ZVAD blocked caspase-3 activation (top panel) and
blocked cell death (lower panel), confirming that R2Fas expression stimulates apoptosis via
caspase activation.
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Figure 9. Co-expression of VEGF-165 potentiates R2Fas-mediated caspase-3 activation.
DU145 cells grown in 6-well plates were infected with AdV/R2Fas at MOI=10 (lanes 2 and 3), and
co-infected with either AdV/LacZ at MOI=10 (lane 2) or AdV/VEGF-165 at MOI=10 (lane 3). Cells
were lysed 32 hours after infection. Increased expression of VEGF-165 by AdV/VEGF is seen in
lane 3 in the middle panel. The lower panel shows increased caspase-3 cleavage in cells over-
expressing VEGF.
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Figure 10. Co-expression of VEGF-165 potentiates R2Fas-mediated cell death. DU145 cells
grown in 6-well plates were infected with either: AdV/LacZ alone (MOI=40); AdV/VEGF alone
(MOI=40); AdV/R2Fas plus AdV/LacZ (MOI=20 for each); or AdV/R2Fas plus AdV/VEGF (MOI=20 for
each). Cells were photographed 96 hours after infection. Co-infection of AdV/VEGF increased cell
death mediated by expression of R2Fas, confirming that R2Fas activity responds to the level of VEGF
expression.
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Figure 11. Co-expression of VEGF-
165 potentiates R2Fas-mediated cell
death. DU145 cells grown in 6-well
plates were infected with AdV/ R2Fas
(MOI=10) p l us e i t her AdV /LacZ
(MOI=10) or AdV/VEGF (MOI=10).
Cells on left were infected at the same
time with both viruses. Cells in center
panel were infected with AdV/R2Fas 24
hours before AdV/LacZ or AdV/VEGF.
Cel ls on r ight were in fec ted wi th
AdV/LacZ or AdV/VEGF 24 hours
before AdV/R2Fas. Increased expres-
sion of VEGF potent iated R2Fas-
mediated apoptosis, especially when
VEGF expression was simultaneous
with or after R2Fas expression (left and
center panels).
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Figure 12. Expression of R2Fas receptor decreases PC-3 cell numbers. PC-3 cells
grown in 6-well plates were infected with AdV/CG-R2Fas or AdV/R2Fas at the MOI indi-
cated. Cells were photographed 56 and 128 hours after infection. Expression of R2Fas
led to fewer total cells compared to expression of the control CG-R2Fas receptor (D vs.
B, or E vs. C). We are investigating whether this is due to apoptosis or decreased cell
proliferation.
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Figure 13. Expression of R2Fas receptor or control CG-R2Fas receptor in normal
prostate epithelial cells. Normal primary human prostate epithelial cells grown in 6-
well plates were infected with AdV/R2Fas or AdV/CG-R2Fas at MOI=10 or MOI=20 as
indicated. Cells were lysed 48 hours after infection and lysates were electrophoresed by
SDS/PAGE. Immunoblotting was performed with an antibody against the VEGFR-2
extracellular domain to visualize receptor expression.
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Figure 14. Expression of R2Fas does not stimulate apoptosis in normal human primary pros-
tate epithelial cells. Normal human primary prostate epithelial cells grown in 6-well plates were infect-
ed with AdV/R2Fas or AdV/CG-R2Fas at MOI=10 or MOI=20 as indicated. Cells were photographed
72 hours after infection. Unlike DU145 prostate cancer cells, expression of R2Fas in normal prostate
cells did not stimulate apoptosis.
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Figure 15. Expression of R2Fas receptor does not kill HUVEC cells but renders them killable
by VEGF. Human umbilical vein endothelial cells (HUVEC) grown in 6-well plates were infected with
AdV/CG-R2Fas or AdV/R2Fas at MOI = 40. Unlike DU145 cells, expression of R2Fas did not kill
HUVEC cells (third panel; 100 hours after infection). However, R2Fas expression rendered HUVEC
cells sensitive to killing by VEGF treatment (right panel, 1 nM VEGF-165 X 24 hours).
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Figure 16. Expression of R2Fas receptor in the presence of VEGF kill endothelial cells.
Porcine aortic endothelial cells were infected with AdV/R2Fas (MOI=20) in media containing no
VEGF-165 (left panel) or the indicated concentrations of VEGF-165. Cells were photographed 96
hours after infection. Expression of R2Fas in cells treated with VEGF at 1 nM stimulated apoptosis
(right panel).
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Figure 17. Potentiation of AdV/R2Fas-mediated cell death by pharmacologic agents. DU145 cells grown in 6-well plates were pretreated with
the indicated agents for 12 hours before infection with AdV/LacZ or AdV/R2Fas at an MOI=10. Cells were photographed 36 hours after infection.
All agents potentiated R2Fas-mediated apoptosis, especially BisVIII, camptothecin, etoposide, doxorubicin, and cisplatin.




